value of self-reported patient information for the identification of lumbar spinal stenosis. Family Practice 2008; 25: 237-244. Background. To our knowledge, no objective criterion has been identified for the diagnosis of lumbar spinal stenosis (LSS) and no study has evaluated the predictive value of self-reported patient information for the identification of LSS.
Introduction
Lumbar spinal stenosis (LSS) is a condition caused by compression of the cauda equina or spinal nerve roots. 1 LSS may lead to substantial functional disability, intermittent claudication or vesico-rectal disturbance and an associated decrease in quality of life and increase in social burden. 2, 3 Although the effectiveness of surgical treatment remains unclear due to limited scientific evidence, early diagnosis and identification of patients needing treatment is reported to improve the outcome of LSS. [4] [5] [6] However, the most common initial symptoms of LSS, namely leg symptoms, are frequently misdiagnosed. 3, 7 Data on the population-based epidemiology of LSS is relatively limited possibly due in part to the difficulty of diagnosing LSS. In particular, because computed tomography and magnetic resonance imaging (MRI) are often non-specific [8] [9] [10] and therefore not sufficiently reliable for diagnosis, no objective criteria for diagnosis are available. Although self-reported patient information, including medical history, symptoms and signs, is a necessary component of the clinical diagnosis of LSS, its predictive value has not been extensively evaluated.
Given these conditions, the clinical prediction rule (CPR), which consists in calculating integer-based scores from information on patient symptoms and physical examination results, is a useful tool for predicting the probability of a disease. 11 Evaluation of the diagnostic performance of CPR enables the estimation of the predictive value of patient information as a group of items. Further, the predictive value of self-reported patient information in the diagnosis of LSS may potentially facilitate the conduct of community-based screening, as well as the estimation of LSS prevalence or incidence.
Here, the predictive value of self-reported patient information was evaluated for the identification of LSS in patients with leg symptoms by developing and validating the test performance of a CPR composed of self-reported patient information alone.
Methods

Subjects
The target population was identified as patients visiting primary care clinics, which were recruited for the study. Selection was limited to consecutive patients showing primary symptoms of pain or numbness in the lower extremities, including the buttocks, thighs and lower legs, aged more than 20 years, and able to visit the clinic alone without assistance. Patients having visited other hospitals or clinics for the above symptoms within the year before study participation, as well as those showing severe psychiatric disorders, namely dementia, were excluded. If necessary, the study was approved by the institutional review board of each study institution, and written informed consent was obtained from all patients.
Data collection
Data collection from patients was planned in two steps. First, eligible patients completed a self-administered questionnaire at the primary care clinics before consulting the attending physician to avoid incorporation bias. Second, patients were referred to orthopaedic departments in hospitals and medical history, physical examination, lumbar X-ray and MRI results were recorded by the orthopaedic staff physicians.
Questionnaire
The questionnaire queried patients on the association between their symptoms and posture (lying in bed, sitting on a chair, standing upright, bending forward or backward), as well as activities (walking and riding a bicycle). An additional question enquired about intermittent claudication: 'If your symptom occurs while walking, does it improve by resting?'. Other items included age, gender, time of symptom occurrence, symptom history, treatment history, sensory or motor disturbances in the legs, cauda equina syndrome (urinary or faecal incontinence, dysuria, urinary retention, nocturia and penile erection while walking), smoking habit, alcohol drinking and comorbidities. Items from the Japanese version of the modified Roland-Morris Disability Questionnaire 12 were also included by altering the expression 'low back pain' to 'pain or numbness in the lower extremities'.
LSS diagnosis process
The association between questionnaire responses and LSS diagnosis was prospectively evaluated. For all patients, orthopaedic staff physicians in each institution recorded medical history and performed a physical examination, as well as lumbar X-ray and MRI in accordance with a standardized protocol. The medical history included the type and distribution of symptoms (e.g. leg and lumbar pain), postures attenuating or exacerbating symptoms, as well as comorbidities, including diabetes and peripheral artery disease. Physical examination included the ankle pressure index and various tests designed to elicit dysfunction in the lumbopelvic region. 13 To avoid verification bias, all patients then underwent lumbar X-ray and MRI. Clinical and diagnostic test information was recorded by the attending physician in a standardized form, which was then sent for diagnosis and information verification to the study coordinator, who is an experienced orthopaedic surgeon. In the absence of a universally accepted reference standard for LSS, studies show that the opinion of expert clinicians provides a reasonable method for establishing clinical diagnosis. 14 In addition, this approach has been used in the development of classification criteria for rheumatic diseases, which similarly to LSS cannot be defined by single laboratory measurements. 15, 16 The flow of final patient diagnosis is detailed in Figure 1 . First, the attending orthopaedic physician reached a clinical diagnosis based on history taking, examination and radiographic findings. The study coordinator then verified diagnosis using copies of the clinical information and radiographic images. Interobserver agreement between the attending orthopaedic physician and study coordinator was assessed by calculating agreement ratios and kappa values. 17 Substantial discrepancy between diagnoses [interobserver agreement rate on LSS diagnosis: 60.8%, kappa value: 0.261 (95% confidence interval, CI, 0.185-0.336)] were resolved in a second diagnostic step using a consensus panel, composed of 10 orthopaedic physicians with specialist clinical experience in LSS, in which all members were either professors or associate professors at university hospitals or the head of the orthopaedic department at teaching hospitals in Japan.
For each discrepant case, panel members arrived at a four-scale score on the probability of LSS (lowest = 1 and highest = 4) based on clinical information and imaging studies. Scoring was performed without consultation with other panel members. Mean scores for each patient were then calculated, with a mean score of 3 or more confirming LSS, whereas a mean score of 2 or less was not considered as LSS. For cases with mean scores between 2 and 3, the consensus panel members carefully discussed the discrepancy and achieved final diagnosis. Cases not having reached consensus were removed from analysis.
Data analysis
Derivation. Before beginning data analysis, all observations were randomly assigned to derivation and validation sets at a 4 to 1 ratio. The univariate relationships between LSS and each item in the questionnaire from the derivation set were evaluated by univariate logistic regression analysis, and an odds ratio was generated. All items with a P-value of less than 0.05 in the univariate analysis were entered into a multiple logistic regression model using stepwise model selection. In addition, two items with a P-value of more than 0.05 but considered clinically important were also entered: 'diabetes as comorbidity', due to diabetic neuropathy being an important differential diagnosis of LSS, and 'symptom improves when bending backward', considered critical in LSS diagnosis. Only variables with a P-value of less than 0.05 were kept in the final model. Model calibration was evaluated using the Hosmer-Lemeshow chi-square statistic. 18 Development of CPR. A score-based prediction rule for the final diagnosis of LSS was developed for each step based on results from multivariable logistic regression equations using a regression coefficient-based scoring method. To generate a simple integer-based point score for each predictor variable, scores were calculated by dividing the b-coefficient by the halfsum of the two smallest coefficients in the model, followed by rounding up to the nearest integer. To achieve a value of 1 for the variable with smallest coefficient score, the denominator was selected. The overall risk score for each patient was calculated by summing up the scores for each variable. 19 After the total risk score was calculated, patients were further categorized into total risk score quartiles, and their observed probabilities of LSS compared. Discriminatory performance of the rule was assessed by calculating the area under the receiver operating characteristic (ROC) curve. 20 Sensitivity and specificity were calculated at the cut-off score point of 5, which divides the second and third quartiles.
Validation of CPR. The prediction rule in the validation set was validated, and patients were categorized in risk score quartiles using the same derivation process. The observed probabilities of LSS in patients were compared and likelihood ratios calculated. Discriminatory performance of the rule was assessed by calculating the area under the ROC curve. Sensitivity and specificity were calculated at the cut-off score point of 5. All statistical analyses were performed using Stata, version 9.2 (Stata Corp., College Station, TX). Sample size. Sample size was determined to enable the detection of a significant difference in LSS prevalence between patients clinically showing an improvement in symptoms when bending forward and those showing no improvement. LSS prevalence in groups showing 'symptom improvement' and 'no symptom improvement' was 60% and 41%, respectively, which revealed that a sample size of at least 308 patients was needed to reach a statistical power of 0.90 at a 0.05 significance level (two-sided test).
Results
Patient characteristics
From December 2002 to December 2004, a total of 469 patients were evaluated by 104 orthopaedic surgeons in 22 clinics and 50 hospitals in various sites around Japan. Ages ranged from 20 to 96 years, with a mean age of 65.2 years, and 54.2% of patients were male. Although recruitment of all patients was planned to be carried out at primary care settings, protocol violation occurred in some institutions, in which patients were recruited from the orthopaedic department of the hospital. However, recruitment of at least one-third of patients at primary care clinics was clearly confirmed. Of the 469 participants, diagnosis from the two observers was consistent in 226, of whom 126 were diagnosed with LSS. Of the 243 discrepant cases, only nine cases' mean scores were between 2 and 3, and thus were discussed by the consensus panel, of which agreement was reached in 8. In total, the consensus panel discussion diagnosed 96 cases with LSS. The interobserver agreement rate between attending physicians and expert panel members was 85.7%, with a kappa value of 0.71 (95% CI, 0.621-0.799). In contrast, the agreement rate between the study coordinator and expert panel members was 67.5%, with a kappa value of 0.36 (95% CI, 0.272-0.445).
The consensus panel failed to reach agreement in one case only, which was removed from analysis, leaving 468 cases. Results showed a 47.3% prevalence of LSS in the patient sample group. Other diagnoses included lumbar disc herniation (17.7%), diabetic neuropathy (2.8%) and peripheral artery disease (8.3%). In the remaining patients (23.7%), no specific diagnosis other than 'not LSS' was determined (Table 1) .
Derivation. From the total patient sample, 374 and 94 patients were selected as the derivation and validation set, respectively. First, 26 variables with a P-value less than 0.05 were identified (Table 2) . Second, the following variables with P-values less than 0.05 were retained in the multivariable model as independent predictors: age more than 60 years (with a higher risk for more than 70 years), symptom present for more than 6 months, symptom improvement when bending forward, symptom improvement when bending backward, symptom exacerbation while standing up, intermittent claudication and urinary incontinence (Table 3) . For the final model, results show a Hosmer-Lemeshow statistic of 2.47 (P = 0.9632), which indicates the predicted probabilities of LSS statistically agreed with the observed frequencies.
18,21
Development of CPR. An integer-based score, derived in the second step from the b-coefficient, is shown in Table 3 and Appendix, from which a mean overall risk score of 5.05 (range: -2 to 10) was obtained for each patient in the derivation set. These patients were categorized into risk score quartiles: the first (Q1), second (Q2), third (Q3) and fourth (Q4) quartiles were defined by risk scores of 2 or less, 3-4, 5-6 and 7 or more, respectively. Of the 374 patients in the derivation set, Q1 showed a 17.7% (9/51) probability of LSS, whereas Q2, Q3 and Q4 showed 25.3% (25/ 99), 50.8% (62/122), and 77.5% (79/102), respectively. Table 4 shows the model performance indices. For the derivation set, calculations show an area under the ROC curve of 0.77 (Fig. 2) . Sensitivity and specificity at the cut-off score point of 5 were 0.81 and 0.58, respectively. Further, the likelihood ratio in Q1 of the derivation set was 0.24.
Validation of CPR.
In the validation set, results show a mean overall risk score for each patient of 5.21 (range: 0-10). Of the 94 patients in the validation set, Q1 showed a 13.3% (2/15) probability of LSS, whereas Q2, Q3 and Q4 showed 47.6% (10/21), 55.2% (16/29) and 65.5% (19/29), respectively (Fig. 3) . In addition, calculations show an area under the ROC curve of 0.67 (Fig. 2) , indicating a slight decrease in performance compared with the derivation set. However, no statistical significance was observed between the area under the ROC curves of the derivation and validation sets (P = 0.125). Sensitivity and specificity at the cutoff score point of 5 were 0.75 and 0.51, respectively. Further, the likelihood ratio in Q1 of the validation set was 0.15. Family Practice-an international journal
Discussion
Summary of main findings To our knowledge, this study is the first to evaluate the predictive value of self-reported patient information for the identification of LSS in patients with leg symptoms.
Results show that the likelihood ratio in the low-risk category was sufficiently low to allow patients with a low-risk score to be excluded from diagnosis (Table 4) . Although based on self-reported information, items in the present study are closely consistent with those previously reported as associated with LSS diagnosis. Variables show P > 0.05, but are considered clinically significant.
Evaluation of predictive value of patient histories
CPRs usually consist of items related to medical history, physical information and diagnostic tests. To diagnose physical conditions, rules which use only selfreported information from patients are rare. Although evaluated as a group of items in the present study, medical history as a diagnostic tool is often assessed as an independent item. For example, the Journal of the American Medical Association publishes a periodical feature entitled the 'Rational Clinical Examination Series', 23 in which the predictive value of clinical information is evaluated, such as that of symptoms for the diagnosis of heart failure or influenza. 24, 25 A limitation of the individual evaluation of every piece of clinical information is the overpowering sensitivity or specificity for single items due to the dependence of final diagnosis on information from a number of diverse sources. 24 In the present study, the value of selfreported information from patients was evaluated as a group of items, which may potentially improve the value of clinical information in use.
Cauda equina syndrome An additional item, urinary incontinence, is also contained in the present prediction rule. A great number of patients presenting with an advanced form of LSS manifest varying degrees of bladder dysfunction, including urinary incontinence, 26 with more severe clinical signs of cauda equina syndrome in patients with neuropathic bladder than in those without. 27 Early diagnosis and decompression was reported to improve the outcome in patients with cauda equina syndrome, which includes bladder dysfunction 28 . Given this finding, the careful history and physical examination of patients with suspected cauda equina syndrome is recommended. Family Practice-an international journal Application for primary care practice A CPR composed only of self-reported patient information may be useful for a variety of purposes. First, with the recent ageing population, the lack of epidemiological data on LSS may hamper appreciation of its importance in policymakers. Given the ease of use and distribution of self-reported information in the community, our tool may be used to estimate the incidence or prevalence of LSS in the general population. Second, this method may be used by patients with leg symptoms for self-screening of LSS. An ecology of medical care study revealed that only a small portion of patients reporting symptoms visit a hospital. 29 Given this observation, our tool may facilitate the decision to seek medical care for patients. Third, because of the simplicity of our tool, assessing the need to refer patients to an orthopaedic specialist may be facilitated for non-orthopaedic specialists. Wider application of our tool is predicated on its validation in a variety of settings.
Limitations
Although our method shows potential in its ease of use, several limitations should be noted. First, no consensus has been reached on an objective standard for LSS diagnosis, which essentially remains clinical. In the absence of explicit criteria, however, expert opinion is a reasonable strategy for the diagnosis of clinical syndromes 14 and has been previously used in a number of disorders. 15, 16 In the present study, inconsistent diagnosis from two observers were resolved by a consensus panel composed of 10 orthopaedic specialists, who may in turn qualify the reference standard used to diagnose LSS.
Second, because a number of patients were recruited from hospitals, LSS prevalence in the present study appears higher than that using patients recruited from primary care clinics. Unlike in the UK, no official gatekeeping system by GPs is available in Japan, with patients free to choose hospitals or clinics when seeking medical care. 30 A study showed that among 1000 Japanese residents, 232 visited a primary care physician and 88 a hospital-based outpatient clinic as a first visit in a month. 31 These findings show that in some situations, hospitals play a role as primary care providers. Despite this situation, further investigation is necessary to validate our rule in other primary care populations.
Third, the likelihood ratio in the high-risk category was low, which suggests that this rule is possibly weak for a definite diagnosis of LSS. However, especially in primary care settings, a screening tool is crucial to eliminate the possibility of specific diseases in diagnosis. Further, the likelihood ratio in the low-risk category was sufficiently low, which implies that this rule useful in safely excluding LSS patients.
Conclusion
The present study is the first to report a prediction rule for LSS identification based only on self-reported patient information. Results show that the likelihood ratio in the low-risk category was sufficiently low. Our rule may be used for LSS screening and is suggested to improve the quality of LSS diagnostic practice in primary care.
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